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Abstract 
This article proposes a new type of electrode for micro-electro-discharge machining (micro-EDM) , which can produce ultra 
fine micro components from various kinds of materials including those that cannot be processed by the silicon or the Litho-
graphie Galvanoformung Abformung (LIGA) processings. This electrode is made by way of the electrodeposition process on the 
basis of the difference between the discharging performance of the electrodeposited coating and that of the matrix to ensure uni-
form wear of electrode bottom faces. With this electrode, micro-holes on ANK80 steel can be successfully manufactured in a 
short period of time. Compared to the traditional electrodes, Cu-ZrB2 composite coating electrodes display better wear resistance 
on the same experimental conditions. The results disclose the prospects for this electrode to be used in producing micro compo-
nents of high-aspect-ratio and 3D micro-cavities.  
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1. Introduction1 
Micro-electro-discharge machining (micro-EDM) 
can be used to fabricate micro-holes and micro-shafts 
as small as 5 ȝm in diameter as well as a variety of 
complex shapes by minimizing the discharging energy 
to the 107 J level and by realizing the precise proc-
esses with submicron accuracy[1]. It is considered to be 
one of the excellent machining methods to produce 
three-dimensional (3D) complicated microstructures, 
which have found broad application in the aerospace 
industry. 
Wear that has occurred on electrodes in EDM proc-
ess impairs the geometric accuracy of workpieces. 
Especially in micro-EDM, it is quite difficult and te-
dious to repeatedly achieve the desired 3D cavities in 
the same processing owing to quick changes of the 
electrode shape[2-3]. One solution is to repeat the proc-
essing several times using new or reground microelec-
trodes until the required profile of holes is obtained. 
Obviously, it is impracticable because of being rather 
time-consuming and difficulty in predicting the num-
ber of electrodes required. Application of the uniform 
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wear method[4], the real-time wear compensation 
method and the method of enhancing loss speed of 
electrode[5] to ensure contour integrality is effective 
only to a certain extent. However, these methods rely 
on rules about the loss of the electrodes caused by 
wearing, which are very difficult to be precisely esti-
mated beforehand as the processing conditions change 
irregularly all the time. On the other hand, the special 
electrode encased in a dielectric jacket[6] is far from 
being ready for use in commercial micro-EDM. 
Composite electrodeposition provides an effectual 
way to strengthen the electrode surface by depositing 
onto it a composite layer containing dispersed ceramic 
particles. In this study, ZrB2 selected as the second 
phase of the composite coating, has several properties 
that are superior to others, such as high melting point 
(3 040 °C), high electrical conductivity, thermal shock 
stability, anticorrosion, etc. It has already been used to 
make critical components in aircraft and rockets 
working at high temperatures[7].  
This article investigates the wear characteristics of 
cylindrical electrodes and discusses the problems 
about the fabrication of the Cu-ZrB2 composite coating 
electrode and the strengthening effect of the coating on 
the micro-EDM. Experimental results from mi-
cro-EDM-drilling indicate the effectiveness of the 
proposed method in decreasing electrode wear and 
ensuring uniformity of bottom loss. 
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2. Compensation for Electrode Wear 
2.1. Characteristics of electrode wear 
When wear occurs on both bottom and corner of a 
cylindrical micro-electrode during micro-EDM-drilling, 
the product will no longer retain the accuracy of its 
size and form. The experiments performed in this 
study reveal that the electrode’s form remains invari-
able after reaching a given shape during mi-
cro-EDM-drilling. Finite element analysis (FEM) can 
be used to simulate the three appearances of electrode 
wear during micro-EDM (see Fig.1) , from which it is 
found that the shape of the electrode changes in such a 
way as to achieve uniform intensity of the electric field 
eventually. 

Fig.1  Intensity diagrams of electric field of electrode. 
As the electrode protrudes into a workpiece, the 
sparking area undergoes changes, which will make the 
sparking conditions continuously alter and the electrode 
taper off because discharging takes place not only at the 
bottom, but also at the lateral face. This phenomenon 
dominates the behavior of the electrode wear. 
2.2. Methods to reduce electrode wear 
The principle of the composite electrodeposition 
method put forward in this article lies in taking advan-
tage of the difference between the wear ratio of the 
matrix and that of the deposited coating so as to 
achieve an identical wear speed on the bottom face. 
Fig.2 illustrates the structure of the composite coating 
electrode.  
Consisting of Cu and ZrB2, the coating has the same 
electrical conductivity as the matrix[7], thus facilitating 
the transfer of thermal energy produced by discharging 
from the coating to the matrix. Furthermore, containing 
ZrB2 particles refines the microstructure of the copper 
 
Fig.2  Structure of composite coating electrode. 
matrix as well as increases the hardness of the coating. 
Therefore, the worn volume of the matrix is larger than 
that of the coating, thereby protecting the coating ma-
terial of the bottom face, and the initial form of the 
electrode undergoes less alteration during micro-EDM- 
drilling. 
3. Experimental Setup 
3.1. Fabrication of Cu-ZrB2 composite coating 
Cu-ZrB2 composite coating was electrodeposited in 
a copper nitrate bath containing ZrB2 particles of an 
average size of 2.5 μm. The diameter of the copper 
tube electrode is 0.5 mm. Fig.3 depicts the experimental 
facilities and Table 1 presents its detailed information.  
 
Fig.3  Experimental setup. 
Table 1  Bath and processing conditions 
Item Value 
Cu (NO3)2· 3H2O/ (ggL–1) 400 
Cl– /10–6 30 
ZrB2 / (ggL–1)  20-50 
pH 3.0 
Temperature/°C 25 
Current density/ ( Agdm–2) 5 
Duty cycle/% 10-90 
Fig.4 shows the ZrB2 distribution in the Cu-ZrB2 
composite coating. 
3.2. EDM performance of Cu-ZrB2 
Experiments were performed on SODICK EDM 




Fig.4  Distribution of ZrB2. 
machine (KIC) with workpieces made of NAK 80 in it. 
A pure copper electrode and a Cu-ZrB2 composite 
coating electrode served as tool electrodes, respec-
tively. Electrolyte was pumped through the tube elec-
trode. Table 2 lists the parameters in the experiments. 
Table 2  Experimental conditions 
Process parameters Value 
High voltage peak current /A 4.0 
Low voltage peak current /A 2.5 
Supply voltage /V 170 
Pulses-on time /ȝs 10 
Pulses-off time /ȝs 20 
Polarity Anode 
Fig.5 depicts the photographs of the cross sections 
of two holes separately processed with the pure copper 
electrode and the Cu-ZrB2 composite coating electrode. 
Fig.6 shows the appearance of Cu-ZrB2 composite 
 
Fig.5  Holes processed by different electrodes. 
 
Fig.6  Photo of Cu-ZrB2 composite coating electrode after 
operation. 
coating electrode after operation. The products dem-
onstrate higher accuracy of holes could attain in mi-
cro-EDM-drilling by the Cu-ZrB2 composite coating 
electrode. 
4. Discussions 
The experimental results indicate that Cu-ZrB2 
composite coating electrode has better discharging 
performance than the pure copper one. This may be 
ascribed to the fact that since copper has a considera-
bly lower melting point than ZrB2, most of the heat 
energy generated during discharging is conducted by 
copper instead of ZrB2, which significantly decreases 
the amount of eroded ZrB2 particles. The molten 
and/or evaporated copper carries away most of the heat 
energy and reduces the surface temperature of the par-
ticles. Thus the molten copper tends to recrystallize rap-
idly onto ZrB2 particles during the sparking interval. 
Meanwhile, at the end of pulse, the molten material 
affected by the high temperature and high pressure 
splashes out, some as scraps falling into electrolyte, 
while some solidifying on the surfaces of electrode 
compensating for its wear to some degree. Fig.7 shows 
the wide yet uneven distribution of Fe on the surface of 
Cu-ZrB2 composite coating electrode after operation. 
  
Fig.7  Distribution of Fe on the surface of Cu-ZrB2 com-
posite coating electrode after operation. 
Thus, Cu-ZrB2 composite coating serves as a sheath 
to secure the side surface of electrode against wearing, 
which will undoubtedly improve the quality of the 
product. 
In addition, this proposed process can be integrated 
into a multi-functional micro-EDM machine in asso-
ciation with wire electrical discharge grinding (WEDG). 
The performance of coating can be adjusted to fit in 
with the matrix by modifying the components of the  
coating and the processing parameters. All this will 
noticeably enhance the machining efficiency and pre-
cision of micro-EDM. 
5. Conclusions 
A wear-resist electrode for micro-EDM has been 
theoretically analyzed and experimentally investigated. 
The results prove that Cu-ZrB2 composite coating elec- 
trodes have better corrosion resistance than pure cop-
per electrodes. The main conclusions can be drawn as 
follows: 
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(1) It is feasible to use the wear compensation 
method on the basis of using the difference between 
the wear ratio of matrix and that of coating material to 
maintain electrode shape precision. 
(2) The proposed method can be integrated into a 
multi-functional micro fabrication equipment for 
online machining of micro electrodes in micro-EDM, 
which has superior maneuverability. 
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